Introduction
Mother-to-child transmission of HIV (MTCT) is defined as the transmission of HIV from a mother to her child during pregnancy, labor, delivery or during breastfeeding. In the absence of any interventions, transmission rates range from 15% to 45%. Without HAART, half of the children born with HIV die by the age of two years, and 80 percent die by the age of five years. Globally, 2.6 million children younger than 15 years of age are living with HIV, yet only 32% are accessing HAART. Despite significant efforts and achievements in prevention of mother-to-child transmission (PMTCT) over the past decade, approximately 240,000 children worldwide became newly infected with HIV in 2013.
The "90-90-90" targets aim to have 90% of all children living with HIV diagnosed, 90% of those diagnosed HIVpositive receiving treatment and 90% of those children receiving treatment achieving viral suppression by 2020. Sub-Saharan Africa accounts for almost 70% of the global total of new HIV infections. 1 The AIDS prevalence rate in Burkina Faso, in the space of 30 years (between 1986 and 2016), decreased from 7% to 0.90%. In 2014, an estimated 95,000 people in Burkina-Faso were living with HIV, and the number of women aged 15 years and over living with HIV was 53,000. The research projects implemented have led to feasible and effective interventions to reduce the risk of mother-to-child transmission of HIV. In Burkina-Faso, PMTCT programs remain a priority in the national strategic frameworks. Different experiments have shown the inadequacy of monotherapy with Nevirapine for the purpose of PMTCT. The prevention of mother-to-child transmission of HIV has involved the use of HAART which allows for the significant reduction of MTCT. Improving access to care for the motherbaby pair also requires interventions such as HIV testing, therapeutic management and infant feeding policies. HIV counseling and testing plays a major role in that care is extended not only to the child but also to the partner of the infected pregnant woman. Early detection by testing for viral antigen in infants born to infected mothers as early as 6 weeks of life significantly improves follow-up of infected children. 2 Efforts are being made to facilitate the monitoring of women and newborns during prenatal and postpartum consultations. Achieving program targets requires improvement and availability of services, and mobilization of beneficiaries to use them.
Aim of study
This review therefore had the following objectives: 1) Describing the historical perspective of PMTCT implementation in Burkina-Faso; 2) Presenting the effectiveness of interventions at improving PMTCT service delivery and promoting retention of mothers and babies in care; 3) Determining the impact of male partner involvement on PMTCT in Burkina-Faso.
Methods
Literature search was conducted in PubMed and google. We systematically searched for articles written in both English and French. The search was limited to articles published between January 2002 and December 2015.
Data collection took place from May to December 2015. Burkina-Faso developed and adopted the first PMTCT program between 2001 and 2005, which was implemented in 2002. Effort was made to retrieve all published articles related to PMTCT in Burkina-Faso within this period. Search terms consisted of the following key words: "HIV testing"; "prevention"; "mother"; "child"; "male partner"; "counseling"; "involvement"; "participation", and the grouped terms "PMTCT and partners"; "VCT and acceptability in PMTCT"; "barriers and/or factors"; "Male involvement in PMTCT"; and "Burkina-Faso". Articles were then manually selected. Other documents not indexed by PubMed also served as references for this work: WHO, UNICEF, UNAIDS reports, UNGASS Report and Burkinabe health institutions (SEP/CNLS) internal reports. All search results were subsequently downloaded by two of the authors into an electronic register using Zotero.
Area of study
PMTCT programs were introduced in three major cities: Ouagadougou, Bobo-Dioulasso and Ouahigouya in 2003 and just over a decade later, this program has been rolled out over the 63 health districts in BurkinaFaso.
Inclusion and exclusion criteria Study participants
Studies conducted among women and children were eligible for inclusion.
Types of studies
All study designs were eligible for inclusion.
Type of outcomes
A range of outcomes were relevant including views, experiences and attitudes of HIV testing, counseling or treatment among mothers or children, the statement of the effectiveness of the PMTCT program confirmed by the availability of the proportion of infected children under and/or out of this program. Studies that examined broader experiences of PMTCT associated with partners were also eligible for inclusion.
Study selection
A group of authors chose articles, using keywords, based on titles and abstracts. Two authors independently screened all titles and abstracts retrieved from the database searches according to the inclusion and exclusion criteria described. Another group of authors reviewed the full text and summarized the key result for final inclusion. Topics of relevance were about: HIV infection, characteristics of the population (eg, mother, child, male partners) and the topics such as PMTCT, breastfeeding, HAART, Prophylaxis, HIV testing, Counseling, prevention and acceptability of HIV testing.
Methods of analysis/synthesis
Studies typically examined the PMTCT experiences of women (Mother-baby pair, HIV testing and Counseling, HAART, prophylaxis, etc.). By examining the findings of each included study, descriptive themes were independently coded. Once all the included studies had been examined and coded, the resulting themes and sub-themes were discussed to examine their relationship to the research questions. We synthesized the data by summarizing the key results of each study. The qualitative synthesis then proceeded by using these "descriptive themes" to develop "analytical themes", which were interpreted by the review team of authors considering the overarching research questions. We then listed all relevant targeted topics of relevance identified in the individual studies as well as relevant study information: WHO scheme, location, biological analysis, mutation profile and year of publication. The effectiveness of PMTCT was described by examining published data on the rate of mother-to-child HIV transmission from 2002 to 2015.
Results

Results of study selection
A total of 208 references were identified from online literature search. Based on title and abstract screening, 134 references were identified as potentially relevant. In the last round of full-text screening, from the 60 relevant papers, the focus was to identify studies that examined perspectives on, or experiences of, PMTCT. There were many articles excluded in this review: 74 duplicated studies identified as potentially relevant, 34 studies found as unrelated articles, 10 articles on Burkina-Faso or articles on women in Burkina-Faso. 19 studies found to be HIV and 11 studies found to be PMTCT. The process of study selection is summarized in Figure 1 .
Search flow chart
Eighty-three publications were identified. After the first and second rounds of screening of the 83 publications based on the titles and abstracts, 40 studies were preselected for the final screening using the full text. At the end of assessment, this selection was enriched by 7 WHO, UNAIDS or UNICEF reports. Details related to the search workflow are represented in the flow diagram (Figure 1 ).
Rates of mother-to-child transmission of HIV
Between May 2002 and January 2003, of the 2,464 women receiving prenatal counseling, 22.2% (546 women) had accepted pre-test counseling. On the other hand, almost all the women who participated in counseling were determined to test and know the outcome. This efficacy could be attributed to the use of rapid tests to perform pre-and post-test at one sitting with results being available to the women in 15-20 mins. Many studies showed that the rate of vertical transmission of HIV-1 was 0.0% in children whose HIV-infected mothers were receiving triple therapy with a combination of Zidovudine, Lamivudine and Nevirapine (AZT/3TC/NVP) or were on a prophylactic AZT/3TC treatment. [3] [4] [5] [6] [7] [8] MTCT rate was found significantly higher in mothers taking only Nevirapine (22/41) compared to those taking HAART (2/172). 10 In this study,
MTCT of HIV infection was strongly related to the treatment status of the child. Similarly, the proportion of children infected through breastfeeding and whose mothers were not on HAART was significantly higher (23/23) than those born to HAART experienced mothers (0/139). 9 Initially, studies showed that when mothers had received only the mono-prophylaxis of Nevirapine, residual transmission risk was 9.09%, 10 10.4% 7 (Table 1) . For the triple prophylaxis AZT +3TC + NVP HIV transmission was rated at 4.55% and 1.75%, 10,11 6.8%. 4 The HAART protocol showed a vertical transmission rate of 0.00%. Altogether, we can consider that, in Burkina Faso, the rate of mother-to-child transmission of HIV moved from 10.4% in 2006 to 0.0% in 2015, thus reflecting the effectiveness of the PMTCT. It is noteworthy that there have been many changes in programs to reduce the risk of transmission.
Initiation of PMTCT of HIV program in Burkina Faso
The 16 One study in Burkina Faso focused on a model for specific counseling that should provide mothers with general information, and personalized support that they need in order to receive and manage disclosure of their child's HIV status.
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Regimens and policy of mother-to-child HIV transmission. 4, 5, 8, 18 Regarding the ARV prophylaxis for PMTCT, protocols adopted in Burkina-Faso for 2001-2005 were based on Nevirapine monotherapy. The main treatment was the single-dose Nevirapine for women during labor and a single dose of Nevirapine to infants within 72 hrs after birth. 19, 20 After that, there was the zidovudine (AZT) prophylactic scheme from the 36 weeks of gestation available. 21 In 2012, Burkina-Faso implemented a new policy (Option B+) to provide all HIV-infected pregnant and breastfeeding women with lifelong antiretroviral therapy (ART) regardless of CD4 count. 22 Breast-feeding was also initially discouraged as it was another route of postpartum transmission of HIV. Option B+ was an important innovation that could accelerate progress in Burkina-Faso and other countries toward the goal of eliminating mother-tochild transmission of HIV worldwide. 22 Burkina-Faso has then reached a point where almost complete eradication of pediatric HIV is a reality with 0.0% of HIV transmission from mother to child when mothers infected with HIV were on HAART with regard to the sites studied. [4] [5] [6] [7] [8] 18 Practically, HIV-positive women receive highly effective treatment as soon as they enter the program at any clinic throughout the country. "Protected" breast-feeding is now promoted as infant feeding option and with support in prevention of HIV transmission while babies will benefit from the known nutritional and immunological properties of breast milk. 23 Additionally, counseling on safe infant feeding practices is provided to all new mothers. 7, 24 At six weeks of age, these children were monitored for HIV infection status through blood sampling for HIV molecular testing. So, there have been several improvements in the national PMTCT protocol ever since according to the World Health Organization (WHO) updated guidelines, but it will also be necessary to survey the accessibility of PMTCT services by women from areas that do not offer this service.
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Discussion Elimination of mother to child transmission: a reality in Burkina-Faso
The elimination of mother-to-child transmission of HIV is now a reality in Burkina-Faso. PMTCT program was first implemented in May 2002 at Saint Camille Medical Center, a big mother-and-child health care facility in Ouagadougou, visited by more than 7,000 babies each year (Centre Médical Saint Camille, 2004). Management Table 1 Summary of studies where prophylaxis was used in Burkina-Faso DovePress of mothers and children is improving in Burkina-Faso due to better treatment guidelines and to the availability of real-time PCR (rtPCR) for viral load quantification and availability of CD4 T cells measurement.
Progress in preventing mother-to-child transmission
The early management of pregnant women include the HIV diagnosis in the first trimester of pregnancy and ARV treatment of choice as soon as test is positive. 27 It recommended to repeat HIV testing in the third trimester of pregnancy when the first test was negative to identify seroconversions during pregnancy. 28 There have been progressively efficient interventions to prevent MTCT of HIV in sub-Saharan Africa. 29, 30 Most Sub-Saharan African countries first used a less efficient system consisting of single dose of Nevirapine (NVP) for PMTCT, 31-33 compared to western countries, which have long used triple therapy. [34] [35] [36] In Burkina-Faso, likewise, there is also progress in effective interventions to prevent MTCT of HIV. [37] [38] [39] In this country, many interventions were first based on single-dose ART that was implemented to reduce the MTCT of HIV 3,6,7 or single-dose zidovudine. 16, 20, 40 This HIV therapeutic approach was used in clinical trial as well as in routine care of HIV-infected pregnant women. 33, 41, 42 In BurkinaFaso, ART has been shown to impact MTCT by reducing HIV maternal viral load, 6,10 by providing effective preexposure prophylaxis to babies and by functioning as post-exposure prophylaxis for newborns.
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The Kesho Bora trial was conducted between 2005 and 2008 with over 800 women in Burkina-Faso, Kenya and South Africa, to compare the efficacy of the different protocols including combined Zidovudine, Lamivudine and Lopinavir/ritonavir with that of prophylactic Zidovudine during pregnancy, followed by a single dose of Nevirapine. A combination of three antiretrovirals: Zidovudine, Lamivudine and Lopinavir/ritonavir were administered to a group of pregnant women between the 28th and the 36th week and until the sixth month of breastfeeding. Only 5.4% of children at age 12 months were infected, against 9.5% in the group that followed a standard prophylaxis. This new combination was revealed to be even more effective in women whose viral load was high. The Kesho Bora trial showed that the triple antiretroviral prophylaxis during pregnancy and breastfeeding is safe and reduces the risk of HIV transmission to infants. 39, 46, 47 A recent study conducted in the framework of this project revealed that, even with maternal triple-ARV prophylaxis during breastfeeding, early weaning remains associated with lower HIV-free survival, driven by increased mortality. 48 
Evolution of guidelines in Burkina-Faso from 2002 to 2015
In 2006, Burkina-Faso revised its PMTCT guidelines and introduced the use of the most effective ARV: ART was available to eligible women according to their immunological status and initiated exclusive breastfeeding for 3-6 months for HIV-positive women. 49 The protocol provided the use of prophylaxis in women not eligible for HAART. Since 2006, Burkina-Faso introduced the use of Zidovudine (AZT) 300 mg/lamivudine (3TC) 150 mg twice daily from 32 weeks gestation, during labor by single dose of Nevirapine (200 mg) at onset of labor. 50 Women continued with Zidovudine (AZT) 300 mg/lamivudine (3TC) 150 mg twice daily for a week after birth 50 and the baby received a single dose of Nevirapine within 72 hrs and Zidovudine twice a day for one week. 21 A study carried out in Burkina-Faso on a survey of the knowledge of women about HIV and breastfeeding showed that there was an association very significant between acceptability of HIV screening and willingness to breastfeed. 51 Saker et al observed an overall acceptability of HIV testing after voluntary individual counseling of 73% in the Nouna District in a rural area. 52 With the guidelines implemented in 2010, the national option was option A, this option will be used until 2013, followed by the implementation of option B from 2014. The WHO PMTCT Protocol in Option A has reduced the vertical transmission of HIV and to preserve breast-feeding. 53 In an ongoing PMTCT option B+ era, it would be relevant to assess the performance of the PMTCT program to shed light on what could potentially be the implementation challenges for new WHO PTMCT antiretroviral guidelines. The WHO 2013 guidelines recommend initiation of ART for all pregnant and lactating women living with HIV. 54 Current protocol in use in Burkina-Faso by the side effects of AZT (anemia, leucopenia) which are relatively frequent and difficult to diagnose and manage at the peripheral level, and, by the fact that TDF can be administered once daily, like 3TC and EFV. 55 The treatment and prophylactic regimens in Burkina-Faso according to the 2014 guidelines are shown in Tables 2 and 3 .
The new protocol introduced in Burkina-Faso since January 2014 is the recommended triple therapy from the 14th week of pregnancy with the preferred regimen: [AZT/ 3TC+EFV] (Table 3) . And if the pregnant women are HIV-2 mono-infected or mixed-infected (HIV-1 and HIV-2) they received: [AZT +3TC + ABC] ( Table 3 ). The newborn is treated with NVP or AZT for 6 weeks. 56 No data are available at national level to assess the effectiveness of this new protocol. However, in the study by , for 160 HIV-positive pregnant women followed on this protocol, no child was being infected with HIV after six weeks of birth. This protocol for PMTCT is proven effective and significantly reduced the risk of transmission of HIV-1 from mother to child, but there is still a need to have a large number of women for confirmation.
8,57
Resistance to ARV, subtypes of HIV-1 and their transmission from mother to child
Recent studies investigating variations between HIV subtypes and rates of mother-to-child transmission 58, 59 revealed that certain HIV subtypes/CRFs are predominantly associated with specific modes of transmission. [60] [61] [62] Recently in Burkina-Faso, Sagna et al observed that CRF06_CPX (58.8%), CRF02_AG (35.3%) and subtype G (5.9%) were predominantly present in HIV-positive mothers and these subtypes could be detected in each child from mother-child pairs (M44/E44: CRF06_CPX; M102/E102: CRF02_AG).
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Furthermore, several studies on mother-to-child pairs reported low reversion rates of transmitted mutations. 63, 64 This brings to the fore the transmission of resistant strains from mother to child and thus care should be taken when choosing the treatment molecules for this child. Role of males' partners in PMTCT Many sub-Saharan countries adopted male partner involvement in PMTCT program with the aim to increase the uptake of PMTCT services. [65] [66] [67] [68] [69] Over 15 countries participated in the project Engender Health, including Burkina-Faso. This project used an approach called "Men As Partners", in order to improve the health of the whole family. 70 The involvement of the partner to provide care during the pregnancy is also encouraged as well as HIV testing for this partner. 71, 72 Among the achievements of this approach was the strengthening capacity of the centers to engage male partners in HIV prevention services, including HIV testing and PMTCT (71, 72) . Case studies in Uganda, Kenya, Zambia, Zimbabwe and Ethiopia showed the low rate of male partner participation in the PMTCT activities and in antenatal Voluntary Counseling and Testing with their spouses. 72, 73 However, other studies have reported success with a "facilitated disclosure approach". 74, 75 However, PMTCT programs in Africa still find it difficult to reach male partners of women in antenatal care (ANC), 65, 69, 76, 77 as reported in the study done in Burkina Faso. 78 Partners with comprehensive knowledge on HIV/AIDS were more likely to be involved in the PMTCT program than those who do not have comprehensive knowledge on HIV/ AIDS. 75 Sarker et al (2007) also attributed low uptake of PMTCT and failure of women to return for their HIV results in poor partners support. 52 Studies in Burkina-Faso recommended that women should engage in discussions about testing with their partners. 78, 79 Dropout among those who have discussed HIV testing with their partners was found to be low in Burkina-Faso. 52, 80, 81 In Malawi, a study revealed that male partner involvement increases the uptake of some PMTCT interventions by HIV-positive women. 66 Male partners need to be considered and treated as constitutive part of reproductive health 82 and can no longer be excluded from any debate surrounding issues like pregnancy or HIV/ AIDS. 83 Couple-oriented post-test HIV counseling delivered to pregnant women is an innovative intervention, 38, [84] [85] [86] [87] which shows that it is possible to bring men to prenatal Table 2 Therapeutic regimens for seropositive pregnant women in need of ART and infants born to ART mothers, in Burkina Faso HIV testing through the involvement of their pregnant partner. 38, 84, 85 Burkina-Faso PMTCT current policy is based on evidence that male partner involvement is associated with women's completion of PMTCT in sub-Saharan Africa. 33, [88] [89] [90] Challenges faced of PMTCT strategies in Burkina-Faso
Challenges arise in achieving successful PMTCT in BurkinaFaso. 91 52 This challenge of adhesion also appears during ART for HIV-positive pregnant women and for their newborns. 6 Another dilemma is that of autonomy for breastfeeding. 6 Finally, the risk of causing resistance to ARV in children affected by their mothers is important. 5 Studies have shown antiretroviral resistance among HIV-positive mothers and children. 5, 6, 12 PMTCT programs are beneficial in Burkina Faso because they can also serve as an example for other prevention programs, especially since the government announced in September 2018 a new therapeutic option for all people infected with HIV for treatment regardless of their clinical or viro-immunological level.
Recommendations
HAART significantly reduces vertical transmission of HIV-1. However, the consequence of HAART is the appearance of mutations that induce resistance of HIV to ART and thus limits the available choice of best drug combination. It is imperative to establish a permanent interaction between researchers, physicians and pharmacists for better care of mothers and their children. There should be strengthening of a network of monitoring and surveillance of drug resistance in Burkina-Faso. In order to maintain the reduction of mother-to-child transmission of HIV in Burkina Faso, it is of great importance that all HIV-positive pregnant women follow the PMTCT protocol and that PMTCT programs reach male partners of women in antenatal care. The coverage of the PMTCT protocol in Africa and more specifically in Burkina-Faso should be increased.
Conclusions
PMTCT programs focus not only on pregnant women well-being, but also on the protection of newborns against HIV infection. This review demonstrates that effective approaches and techniques are deployed for reducing the HIV transmission risk in the mother-baby pair although there is the need to improve PMTCT strategy perhaps by promoting retention of mothers and babies in care, by involving male partners.
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